Abstract
Simultaneous reconstruction of scintillation light and light signals will be used to reduce the ambiguities of associating the scintil-76 lation light and charge at high levels of activity. A simulation of the imaging performance of this system will be presented in a future publication [12] . was applied between the cathode and a shielding grid separated by 3 cm.
89
The electric field was formed by a field cage consisting of 9 wires with a wires and the anode was set higher than the drift field ensuring that all the electrons pass through the grid [13] . In order to study the influence of the drift field on quantities like charge and light production and the energy In the upper two plots the charge was created roughly at the same z posi- shaping time.
190
The purity of the LXe has an impact on charge collection. In the current 191 setup we achieved an electron lifetime of 200 ñs using purification in the gas 192 phase with heated getters 1 . We estimated that the level of purity obtained
193
would result in a loss of 8% of the electrons due to attachment.
194
For the analysis in this paper we selected events where no net charge to electron attachment by impurities in the LXe.
213
Compton scattering interactions are evident below the 511 keV band.
214
They are due to photons entering the chamber with less than 511 keV 1 A problem occurred with the purification system during the data taking with the NaI coincidence trigger used in this paper resulting in an electron lifetime of 90 ñs for much of the data presented here. We performed a fit of the 511 keV band to extract the drift velocity v d ,
219
the total charge Q tot produced in the photon interaction and the attenua-220 tion length. The values obtained for these quantities are listed in Table 1 221 with their statistical uncertainties from the fits. The charge yield Q tot /Q 0 222 is also shown along with Q tot which is the measured charge corrected for . where all the charge was collected on the central anode.
235
The bell shape in Table 3 gives the results of the analysis for different drift fields. The 310 best combined energy resolution reached for these data sets was 4.1% at Table 3 : Energy resolutions (σ) observed at different drift fields for light and charge separately and combined result using the correlation.
Discussion of Error Sources

313
In this section we discuss contributions to the energy resolution that Table 4 318 summarizes the variables used in the calculation of error contributions. 
where the first term on the right describes the electronics noise of the am- ∆F r which can be calculated once the intrinsic energy resolution is known.
342
The values for ∆F r obtained can also be found in Table 5 .
7.31 ± 0.54 5.03 ± 0.04 5.3 ± 1.5 3.2 ± 0.9 1 6.04 ± 0.33 4.22 ± 0.03 4.3 ± 0.9 3.1 ± 0.7 2 7.00 ± 0.62 4.29 ± 0.03 5.5 ± 1.6 4.2 ± 1.2 2.66 5.43 ± 0.17 3.48 ± 0.03 4.2 ± 0.4 3.2 ± 0.3 Table 5 : Contribution of error sources to the energy resolution obtained from the charge measurement.
The fluctuations in the LAAPD specified as the excess noise factor 345 F (M) = 2 + kM is dependent on the gain M and affects the resolution.
346
For this setup with k = 0.001, F (M) = 2.5. Furthermore, the LAAPD gain Neglecting other detection fluctuations, the light signal resolution for 354 our setup can be written as:
where the first term on the right represents the electronics noise, the by the last term is negligible or exactly zero if P e→hν = 1. 12.1 ± 0.1 4.7 0.63 5.5 ± 0.5 2.5 ± 0.8 Table 6 : Contribution of error sources to the energy resolution obtained using the light measurement.
provided the measured charge is corrected for attenuation and the measured 373 light for solid angle and PDE:
where E c is the energy measured by combining the charge and light 376 signals: In eq. 3a the light and charge signals were combined; eq. 3b and 377 eq. 3c made use of the formulas in Table 4 ; and in eq. 3d F r was eliminated.
378
The remaining uncertainty in the combined energy resolution is then:
where the first term on the right hand side (in brackets) originated 4.14 ± 0.10 3.3 ± 0.1 2.5 ± 0.4 Table 7 : Contribution of error sources and corrected intrinsic energy resolution for combined charge-light measurement.
The intrinsic correlation coefficient was calculated but showed a large 389 uncertainty due to the impact of the uncertainty on ∆F r .
390
Another consistency check of the formulas presented here can be made 391 by extracting the factor ǫP e→hν in two different ways from the data. We 392 cannot disentangle the efficiency from the probability but the product can 
=⇒ θ corr = arctan −1 ǫP e→hν
The results are listed in Table 8 . The mean value over all runs was 397 ǫP e→hν = 0.60 ± 0.03.
398
The other method for extracting ǫP e→hν is to find the slope from the 
Improving Light Resolution using Position Reconstruction
405
In the current system, the energy resolution contribution from light was Table 9 : Energy resolutions obtained from the simulation with (corrected) and without (simulated) the correction for the position of the interaction within A1 in comparison with the measured resolutions. The charge resolution was not affected by the correction.
Summary and Conclusion
416
Measurements have been made of the response of a liquid xenon drift 
428
Based on these results, the combined energy resolution of <3.5% (or 429 < 8% FWHM) would be anticipated in a detector configuration suitable for 430 applications to PET which would have comparable light collection efficiency 431 to the prototype detector described above and <1 mm spatial resolution.
432
Reducing the anode to grid spacing to 1 mm and the grid wire spacing to 
